BACKGROUND: Many patients with organophosphate poisoning require mechanical ventilation. Muscle acetylcholinesterase (AChE) activity determines the impairment of muscle force generation, and red blood cell (RBC) AChE has been regarded as a surrogate for muscle AChE in organophosphate poisoning. Therefore, this study was conducted to investigate whether RBC AChE at presentation can predict the duration of mechanical ventilatory support and whether RBC AChE at weaning can predict weaning trial outcomes in patients on mechanical ventilation for organophosphate poisoning. METHODS: This retrospective observational case series identified 74 patients with a history of mechanical ventilation secondary to organophosphate poisoning and whose RBC AChE levels were available at presentation to the emergency department, at 24 h of presentation, or at weaning. Data were collected for plasma cholinesterase assay results, weaning outcome, duration of mechanical ventilation, and details of patient management (including ICU stay and amount of atropine and pralidoxime administered). RESULTS: RBC AChE activity levels at presentation and at 24 h of presentation had a negative correlation with duration of mechanical ventilation in subjects who ingested dimethyl organophosphate, but this correlation was not observed for those who had ingested diethyl or unclassified organophosphate. The optimal cutoff value of RBC AChE activity at presentation for predicting mechanical ventilation for < 7 d was 1,330 U/L in subjects intoxicated with dimethyl organophosphate. However, there was no difference in RBC AChE activity at the time of weaning trial between successful and failed weaning events, regardless of the chemical formulation of organophosphate. CONCLUSIONS: We conclude that RBC AChE activity within 24 h of presentation can help predict the duration of mechanical ventilation for dimethyl organophosphate intoxication; however, RBC AChE activity at the time of weaning trial may not be a suitable parameter for predicting a patient's ability to be weaned from mechanical ventilation.
Introduction
The mortality from organophosphate poisoning still remains high, despite numerous investigations over the last decades on potential treatment strategies. 1, 2 Although death from organophosphate poisoning is multifactorial, respiratory failure is a significant cause of the high morbidity and mortality rates in the acute setting. 3 Respiratory failure after organophosphate poisoning results from a combination of paralysis of the respiratory muscles, respiratory center depression, bronchospasm, and abundant secretions. 4 Up to 86.4% of patients with symptomatic organophosphate intoxication require mechanical ventilation, and 31.5% of these patients require ventilation support for Ͼ 7 d. 3, 5, 6 Organophosphates interfere with the elimination of acetylcholine by inhibiting acetylcholinesterase (AChE), resulting in accumulation of acetylcholine at nerve termi-nals. This in turn causes impairment in neuromuscular signal transmission and muscle force generation in organophosphate poisoning. 7, 8 Because AChE is encoded by a single gene and because the molecular diversity of this gene is usually confined to the membrane-anchoring tail rather than the catalytic unit, the kinetics of AChE are thought to be identical in all tissues at all ages. 9 In addition, kinetic studies have demonstrated that the inhibition and reactivation kinetics of red blood cell (RBC) AChE and muscle AChE are highly comparable in organophosphate poisoning. 9 Based on these structural and kinetic data, monitoring RBC AChE activity was expected to work as a surrogate assay for muscle AChE activity in patients with organophosphate poisoning. 9 RBC AChE have been used in many studies to reveal the efficacy of oximes against organophosphate. 9, 10 However, no clinical study has evaluated whether RBC AChE activity can actually be used as a surrogate for muscle AChE activity in patients who require mechanical ventilation secondary to organophosphate poisoning. In mechanically ventilated patients, delays in extubation should be avoided because of the risk for ventilator-associated pneumonia, which significantly increases with each day of mechanical ventilation, and increased cost of care. 11 It is also critical to assess respiratory muscle force generation, a decisive factor in successful weaning, before a weaning trial because failed weaning is associated with pneumonia, prolonged hospital and ICU stays, and even increased mortality. 12 The aims of this study were to investigate whether the initial RBC AChE assay can help predict duration of mechanical ventilation and whether RBC AChE assay at weaning can predict outcomes of weaning organophosphatepoisoned patients from mechanical ventilation.
Methods

Study Design
This was a single-institution retrospective cohort study performed by chart review. The study design was approved by the institutional review board at Chonnam National University Hospital (Gwangju, South Korea).
Subjects
The inclusion criteria were: any subject 18 y or older who required mechanical ventilation secondary to organophosphate ingestion and underwent a weaning trial between 2004 and 2013. To be included in the study, each subject was required to have had RBC AChE activity measured at presentation to the emergency department, 24 h after presentation, or within 12 h before or after weaning from mechanical ventilation. The review identified 76 subjects. The diagnosis of organophosphate poisoning had been based on the following criteria: a history of organophosphate ingestion provided by subject or a witness, clinical manifestations consistent with organophosphate poisoning, decreased plasma cholinesterase activity, and improvement of signs and symptoms after treatment with atropine and pralidoxime.
The exclusion criteria were: history of other pre-existing comorbid conditions (n ϭ 1) and history of lung disease (n ϭ 1). After exclusion, the data from the remaining 74 subjects were included in the analysis.
Progressive inhibition of AChE results from phosphorylation of the active-site serine. The inhibited AChE undergoes a nonenzymatic dealkylation reaction in the bound organophosphate moiety, leading to the aging process, which is an irreversible conformational change in AChE that renders it inactive.
The chemical structure of organophosphate is a decisive parameter in the rate of spontaneous reactivation of inhibited AChE and the rate of aging of human AChE; the half-life of the aging process of AChE by dimethyl organophosphate is 3.7 h, whereas that of AChE by diethyl organophosphate is 33 h. 13, 14 To evaluate whether the RBC AChE activity level within the first 24 h after presentation to an emergency department can predict the duration of mechanical ventilation, we divided the subjects into 3 groups according to the chemical formulation of organophosphate: dimethyl group, diethyl group, and unclassified organophosphate group for a subset of subjects whose ingested organophosphate did not match either the dimethoxyl or diethyl classification.
Once the aging process has completed (several days after organophosphate ingestion), the AChE enzyme can-
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Current knowledge
Organophosphate poisoning most commonly results from exposure to insecticides or nerve agents. The mortality is high; 90% of patients require mechanical ventilation due to muscle paralysis, bronchospasm, excessive secretions, bronchospasm, and respiratory depression. Red blood cell acetylcholinesterase (AChE) is considered a surrogate for muscle AChE following organophosphate poisoning.
What this paper contributes to our knowledge
RBC AChE activity within 24 h of presentation can help predict the duration of mechanical ventilation following organophosphate poisoning. The presence of RBC AChE cannot be used as a predictor of weaning success.
not be reactivated by oxime treatment, regardless of the chemical formula of the organophosphate. 15 Therefore, we did not divide the subjects whose RBC AChE activity levels were measured at weaning into the 3 groups.
Each subject in the study had received general supportive measures. These included decontamination, mechanical ventilation support, and administration of atropine and pralidoxime in the ICU. Atropine was given either as a continuous infusion or as a bolus injection every 15 min and was titrated to achieve adequate atropinization, including dry bronchial secretions. Pralidoxime was administered at up to 0.5-1.0 g/h as long as reactivation could be anticipated according to the severity of clinical conditions and the time course of plasma cholinesterase activity. The need for intubation and mechanical ventilation support was estimated by the emergency physician on call. This decision was based on decreased mental status, low P aO 2 /F IO 2 , hemodynamic instability, or respiratory acidosis. Subjects underwent mechanical ventilator weaning trials if they satisfied the criteria for weaning, which included improvement of the conditions that prompted mechanical ventilation, discontinuation of sedatives and neuromuscular blockers, absence of fever, hemodynamic stability, P aO 2 / F IO 2 Ͼ 200, F IO 2 Յ 0.4, PEEP Յ 5 cm H 2 O, breathing frequency/tidal volume Ͻ 105, and breathing frequency Ͻ 35 breaths/min. Subjects were observed after weaning and extubation and were re-intubated and ventilated for the following signs or symptoms: breathing frequency Ͼ 35 breaths/min, arterial oxygen saturation Ͻ 90%, heart rate Ͼ 140 beats/min, or sustained increase or decrease in heart rate Ͼ 20%, systolic blood pressure Ͼ 180 or Ͻ 90 mm Hg, neurological disorientation, diaphoresis, or thoracoabdominal asynchrony.
The blood samples for RBC AChE assay had been collected with ethylenediaminetetraacetic acid, and the activity was measured by photometric test (Roche, Seoul, South Korea). This test was based on the reaction that RBC AChE splits acetylcholine into acetate and thiocholine, the latter of which reacts with dithiobisnitrobenzoic acid to form yellow 5-mercapto-2-nitrobenzoic acid. The RBC AChE activity was calculated in reference to the respective hematocrit level and plasma and whole blood cholinesterase activities. The normal range of RBC AChE activity was 11,188 -16,698 U/L. An electrophysiology study has demonstrated normal neuromuscular transmission at Ͼ 30% of normal RBC AChE levels and strong impairment of neuromuscular transmission at levels Ͻ 10%. 8, 16 Thus, we considered activity levels of 3,000 and 1,000 U/L RBC AChE as 30 and 10% of normal physiologic activity, respectively.
Data Collection and Analysis
The medical records were reviewed, and the following data were collected: age, gender, cause of exposure, type of organophosphate ingested, laboratory results (including serial RBC AChE activities), atropine and pralidoxime administered during hospitalization, time interval from ingestion to arrival at our hospital, time interval from arrival to mechanical ventilation support, duration of mechanical ventilation, P aO 2 /F IO 2 , breathing frequency, mental state at weaning, total amount of administered atropine and pralidoxime up to the weaning trial, outcomes of weaning trials, time interval from failed weaning to re-intubation, ICU stay, and survival outcome. The amounts of ingested organophosphate were estimated as a spoonful (5 mL), mouthful (25 mL), cup (100 mL), and bottle (300 mL). 17 A weaning trial was considered successful if the subject remained extubated for 72 h. 18 In all subjects, each weaning trial was considered to be a new episode.
The baseline subject characteristics are presented as frequency for categorical variables or as median and interquartile range or mean Ϯ SD for continuous variables. The Mann-Whitney test or t test was performed for analysis of continuous variables according to normality. Normality of continuous variables was tested using the Shapiro-Wilk test. The Fisher exact test or the chi-square test was performed to compare categorical variables.
Correlations between RBC AChE activities within the first 24 h after presentation and the duration of mechanical ventilation were determined using the Pearson rank method or Spearman's rank method. The receiver operating characteristic curve was used to obtain the area under the curve with 95% CI, as well as the sensitivity and specificity of RBC AChE for predicting subjects who required mechanical ventilation for Ͻ 7 d. 19 The Youden index (sensitivity ϩ specificity Ϫ 1) was obtained, and the RBC AChE activity with maximal Youden index was selected as the optimal cutoff value. Serial RBC AChE activity across time was analyzed using the Friedman test. P values Ͻ .05 were considered to be statistically significant. All statistical analyses were performed using SPSS 21.0 (SPSS, Chicago, Illinois).
Results
Subjects
Of 204 patients who presented to our emergency department after organophosphate ingestion, 94 (46.1%) underwent mechanical ventilation (Fig. 1 ). Of these 94 patients, 82 underwent a weaning trial at our hospital, and 12 either died or were transferred to another institution before weaning trials. Of these 82 patients, 10 had RBC AChE activities measured both at presentation and at 24 h of presentation, and 20 had RBC AChE activities measured at both presentation and weaning. Additionally, 44 patients had RBC AChE activities measured at presentation, at 24 h of presentation, and at weaning.
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RESPIRATORY CARE • SEPTEMBER 2014 VOL 59 NO 9 Finally, data for 54 subjects with RBC AChE activities measured both at presentation and at 24 h of presentation were used in the analysis of the relationship between initial RBC AChE activity and duration of mechanical ventilation. The data for 64 subjects who had RBC AChE activities measured at weaning were used for studying whether the RBC AChE activity at weaning predicts the outcome of weaning from mechanical ventilation.
RBC AChE Activity Within the First 24 h After Intoxication
The baseline characteristics and clinical course of the 54 subjects who had RBC AChE activities measured both at presentation and at 24 h of presentation are summarized in Table 1 . These subjects presented at a median of 2.8 h after poisoning, with a median estimated organophosphate ingestion volume of 200 mL. The inhibited mean of 769.0 U/L plasma cholinesterase activity (normal range 5,320 -12,920 U/L) at presentation was definite evidence of organophosphate poisoning. The common organophosphate compounds were fenitrothion (n ϭ 12), ethyl p-nitrophenol thiobenzene phosphonate (n ϭ 9), dichlorvos (n ϭ 7), Data are presented as n (%) or mean Ϯ SD for normally distributed continuous variables or as median with interquartile range (IQR) for non-normally distributed continuous variables. * Plasma cholinesterase and red blood cell acetylcholinesterase (RBC AChE) levels at 48 h after admission were available for 31 subjects.
and methidathion (n ϭ 7). When subjects were categorized according to chemical structure of ingested organophosphate, 37 (68.5%) subjects ingested dimethyl organophosphate, and 6 (11.1%) ingested diethyl organophosphate. Eleven (20.4%) subjects were poisoned with unclassified organophosphate. Mechanical ventilation was initiated at a median of 4 h after organophosphate ingestion, and 32 (59.3%) subjects required mechanical ventilatory support for Ͼ 7 d. When investigating the relationship between duration of mechanical ventilation and RBC AChE activity levels within the first 24 h after presentation according to chemical structure of organophosphate ingested, RBC AChE activities had a significant negative correlation with duration of mechanical ventilation in subjects exposed to dimethyl organophosphate (Table 2) . However, no such correlation was observed for the diethyl and unclassified groups.
Among the 37 subjects intoxicated with dimethyl organophosphate, 15 (40.5%) needed mechanical ventilatory support for Ͻ 7 d. In predicting duration of mechanical ventilation for Ͻ 7 d, receiver operating characteristic curve analysis demonstrated that RBC AChE activity at presentation had a higher predictive performance with an area under the curve of 0.812 (95% CI 0.67-0.96) than RBC AChE activity at 24 h after presentation. The optimum cutoff value for prediction of RBC AChE activity at presentation was 1,330 U/L, with sensitivity and specificity of 93.3 and 63.6%, respectively ( Table 3) . Table 4 provides the baseline characteristics and clinical course of 64 subjects with RBC AChE activity measured at weaning. Weaning trials took place at 11.5 Ϯ 1.1 d after organophosphate ingestion for these 64 subjects. Sixty-one episodes of successful weaning and 9 episodes of failed weaning had occurred. In 9 episodes of failed weaning, subjects were re-intubated at a mean of 17.2 h after extubation, and the subjects were successfully weaned from mechanical ventilation at a median of 120.0 h after the previous weaning trial.
Activity of RBC AChE at Weaning
At weaning trials, the systolic blood pressure, P aO 2 /F IO 2 , breathing frequency, Glasgow coma score, and total amount of administered atropine and pralidoxime up to weaning trials were not different between successful and failed weaning episodes (Table 5 ). There were no differences in RBC AChE activity at the time of weaning trial between 61 episodes of successful weaning and 9 episodes of failed weaning. The increases in RBC AChE activity levels from admission to time of weaning trial did not differ between the 2 groups.
When RBC AChE activity levels were categorized using 3,000 U/L (ϳ30% of normal) or 1,000 U/L (ϳ10% of normal) as the cutoff point, RBC AChE levels were Ͻ 1,000 U/L in 11 (18.0%) of the 61 successful weaning episodes (Table 6 ). In contrast, RBC AChE levels were Ͼ 3,000 U/L in 4 (44.4%) of the 9 failed weaning episodes.
RBC AChE activity levels were measured at presentation for 5 of the 9 failed weaning episodes and then following a successful weaning episode, but there were no significant differences in RBC AChE activity levels across time (Fig. 2) . A 35-y-old female subject whose RBC AChE level at admission was 6,538 U/L experienced failed weaning with an RBC AChE level of 1,825 U/L at 8 d, and this subject was successfully weaned from mechanical ventilation with an RBC AChE level of 614 U/L at 14 d.
Discussion
Subjects
Considering the high incidence of respiratory failure in organophosphate poisoning, proper ventilatory management and antidote administration are critical in reducing mortality and morbidity. At our institution, the incidence of mechanical ventilation secondary to organophosphate ingestion was 46.1%, and 43 (58.1%) of the total 74 subjects needed mechanical ventilation for Ͼ 7 d. Even with weaning trials based on common criteria, 12.8% of the 70 weaning episodes failed. This rate of failure to wean is higher than the 6% reported for mechanical ventilation secondary to trauma. 20 Here, we investigate whether RBC AChE activity within the first 24 h after presentation can identify patients who require longer periods of ventilation and whether the RBC AChE level at weaning can differentiate which patient is ready to be weaned from a mechanical ventilator. To the best of our knowledge, this is the first study to clinically evaluate the utility of RBC AChE measurement in patients requiring mechanical ventilation after organophosphate poisoning.
RBC AChE Within the First 24 h After Intoxication
Predicting the duration of mechanical ventilation helps physicians to avoid unnecessary delays in extubation and to plan for tracheostomy time in patients who need prolonged mechanical ventilation. Because of markedly different time courses of AChE inhibition according to chemical properties of specific organophosphate (such as water solubility; presence of dimethyl, diethyl, or S-alkyl compounds; or biotransformation to active metabolites), we classified subjects according to the type of organophosphate ingested. We found that decreased RBC AChE levels within the first 24 h after presentation correlated with prolonged mechanical ventilation after dimethyl organophosphate intoxication. This finding is similar to the results from a previous study by Thiermann et al, 8 who suggested that RBC AChE activity appears to be a suitable surrogate parameter of synaptic AChE activity during the first day of dimethyl or diethyl organophosphate intoxication. RBC AChE activity at 24 h had a significant correlation with 96-h mortality in shrimp exposed to dimethyl organophosphate (malathion, azinphosmethyl) or diethyl organophosphate (chlorpyrifos). 21 In contrast to findings from those studies, RBC AChE activity was not related to the duration of mechanical ventilation after diethyl organophosphate intoxication in our study. This lack of correlation may be explained by inadequate sample size for subjects exposed to diethyl organophosphate. At 24 h after exposure, the dimethyl organophosphate-bound RBC AChE had completely aged, in contrast to RBC AChE bound to diethyl organophosphate, Ͻ 50% of which would have been aged. 13, 14 Perhaps this difference partially contributed to the lack of correlation.
Additionally, we found the cutoff level of 1,330 U/L for RBC AChE activity at presentation to have 93.3% sensitivity and 63.6% specificity for predicting mechanical ventilation of Ͻ 7 d in subjects intoxicated with dimethyl organophosphate. In another study, the 975 U/L plasma cholinesterase level was the cutoff value for indicating mechanical ventilation for Ͼ 7 d in 37 subjects. 19 However, this study did not distinguish between organophosphate types, and plasma cholinesterase activity has wide variations across age, sex, disease, and drug administration. 8 
RBC AChE at Weaning
Because organophosphate poisoning causes muscle weakness, it may be critical to assess respiratory muscle strength before a weaning trial. In a patient with organophosphate poisoning, neuromuscular transmission was nor- Data are presented as n (%) or mean Ϯ SD for normally distributed continuous variables or as median with interquartile range (IQR) for non-normally distributed continuous variables. * Plasma cholinesterase and red blood cell acetylcholinesterase (RBC AChE) levels at 48 h after admission were available in 44 subjects. mal if the RBC AChE level was Ͼ 30% of normal, but an RBC AChE level of Ͻ 10% was associated with a strong impairment of neuromuscular transmission at 10 -50-Hz stimulation. 8, 16 Muscle AChE at Ͼ 30% of normal was associated with normal muscle force, and any decrease in the AChE level below this margin led to steeply reduced muscle force in a mouse phrenic nerve hemidiaphragm model at 50-Hz stimulation. 7 Patients with RBC AChE levels at Ͼ 40% of normal might be ready to be weaned from the ventilator. 8 However, our study has revealed that RBC AChE activity was not associated with weaning outcomes. It was worth noting that 11 (18.0%) of 61 successful weaning episodes were associated with Ͻ 1,000 U/L (ϳ10% of normal) RBC AChE in our study (Table 6 ). For these 11 subjects with Ͻ 1,000 U/L RBC AChE at weaning, the mean RBC AChE activity at admission was 3,108.4 Ϯ 1,105.5 U/L. Although not included in the study because of missing the admission RBC AChE assay, a 71-y-old male patient had been successfully weaned off the ventilator with an RBC AChE activity of 307 U/L after 13 d of hospitalization.
Lee and Tai 22 suggested a threshold of RBC AChE at 7,500 U/L for successful weaning in a study of 17 subjects with organophosphate poisoning. The discrepancy between their findings and ours may be explained by the different weaning trial criteria used at the respective health-care institutions and by the different methods used in determining the cutoff value. In that study, the threshold was determined from RBC AChE activities measured every 2-3 d before extubation, whereas we used an absolute value of RBC AChE at the weaning trial. In our experience, 41 (67.2%) subjects had been successfully weaned and extubated with RBC AChE levels Ͻ 7,500 U/L.
The lack of association between weaning outcome and RBC AChE at weaning may be explained by different restoration rates between RBC AChE and muscle AChE. After a few days, completely aged RBC AChE loses the ability to reactivate, and replenishment of RBC AChE depends on de novo synthesis. Complete replacement of aged RBC AChE takes several months, whereas 50% of muscle AChE is regenerated within 1 week. 23, 24 With AChE inhibition, muscle necrosis, down-regulation or desensitization of the acetylcholine receptor, and oxidative stress together contribute to development of respiratory muscle weakness. 25 These mechanisms may also lead to the fact Table 6 . RBC AChE Activity at Weaning According to Weaning Outcome
RBC AChE Activity
Successful Weaning (n ϭ 61)
Failed Weaning (n ϭ 9) P
The normal range of red blood cell acetylcholinesterase (RBC AChE) is 11,188-16,698 U/L. Fig. 2 . Serial red blood cell acetylcholinesterase (RBC AChE) activities in 5 subjects at failed and successful weaning trials. Subject 1 ingested diethyl organophosphate, and subjects 2-4 ingested dimethyl organophosphate. Subject 5 was poisoned with unclassified organophosphate. All subjects had RBC AChE activity levels measured at presentation, at failed weaning, and following a successful weaning episode, but there were no significant differences in RBC AChE activity levels across time.
that RBC AChE activity at weaning cannot reflect improvements in muscle force or predict the outcome of weaning.
In addition, we investigated whether other variables assessed at presentation, such as plasma cholinesterase, time interval from ingestion to presentation, and intent of ingestion, were associated with weaning outcome, but the results were insignificant (data not shown).
Limitations
(1) The sample size of this study was not sufficient to make strong conclusions. In particular, the number of subjects who had failed weaning trials and the subjects intoxicated with diethyl organophosphate were relatively low. A prospective study with a large number of subjects is needed to validate these findings. However, the wide variation of RBC AChE activity at weaning (453-12,716 U/L) and 18.0% of RBC AChE activity levels Ͻ 1,000 U/L in successful weaning episodes suggest that RBC AChE activity at weaning is not an indicator of weaning outcome.
(2) RBC AChE at weaning was checked within 12 h before or after weaning, and this was not a uniform time in subjects. More than 99% of RBC AChE aged within 1 d after dimethyl organophosphate ingestion and within 8 d after diethyl organophosphate ingestion based on the halflife data of aging. 13, 14 In our study, weaning was attempted at a mean of 11 d after organophosphate ingestion. Considering that the recovery of RBC AChE levels after aging is 1%/d regardless of the chemical structure of organophosphate, the differences in RBC AChE levels within 12-h intervals from the weaning point might not be significant. 15 (3) Ventilator-associated pneumonia may delay weaning despite the recovery of respiratory muscle function. The incidence of pneumonia in organophosphate-poisoned patients was reported to be as high as 58%. 26 In our study, pneumonia with a new radiographic infiltrate and inflammation signs occurred in 22 (29.7%) of 74 subjects. Also, there were no significant differences in the incidence of pneumonia according to weaning outcome (31.1% in successful weaning episodes vs 44.4% in failed weaning episodes, P ϭ .46). If the 19 subjects with pneumonia were excluded, RBC AChE levels were Ͻ 1,000 U/L in 8 (19.0%) of the remaining 42 successful weaning episodes, and the lowest activity of RBC AChE was 453 U/L in 42 successful weaning episodes without pneumonia. These findings were consistent with the result, including 19 subjects with pneumonia, that RBC AChE at Ͻ 10% of normal did not predict weaning failure.
(4) Among 80 subjects who underwent weaning trials in our hospital and did not satisfy the exclusion criteria, 64 were enrolled with an RBC AChE level assessed at weaning. This may have caused a selection bias, by which more severe clinical cases were enrolled for the study due to preferential RBC AChE assay on such patients expected to have a poor prognosis. However, there were no differences in potential factors related to clinical outcomes (such as hospitalization stay [P ϭ .62], ICU stay [P ϭ .99], and mechanical ventilation [P ϭ .91]) and the amount of administered atropine (P ϭ .97) and pralidoxime (P ϭ .30) between 64 subjects with available RBC AChE activities at weaning and 16 subjects without available RBC AChE activities at weaning.
(5) Underlying heart dysfunctions or organophosphateinduced bronchorrhea, in addition to respiratory muscle dysfunction, might be responsible for unsuccessful weaning from mechanical ventilation and lead to the uselessness of RBC AChE activity for predicting weaning outcome. However, there was no re-infusion or increased amount of atropine to control bronchial secretion after failed weaning. Subjects who initially failed to be weaned from mechanical ventilation did not have a history of heart dysfunction and eventually successfully weaned. Again, regardless of the cause of failed weaning, successful weaning with lower RBC AChE activity levels still suggested an irrelevance of RBC AChE activity to weaning outcome.
(6) RBC AChE was associated with a need for mechanical ventilation or mortality after organophosphate poisoning. 27 Because of the study design, patients who did not require mechanical ventilation or who had died before a weaning trial were not analyzed. Whether RBC AChE can predict a need for mechanical ventilation or mortality after organophosphate poisoning should be investigated in future studies with expanded inclusion criteria.
(7) Including repeated RBC AChE activities in one subject with Ͼ 2 episodes of weaning can lead to significance from nonsignificant analysis. To exclude the error, we compared the values for RBC AChE activities during the first weaning episode in 64 subjects; 55 subjects experienced an episode of successful weaning, and 9 subjects experienced an episode of failed weaning. However, there was no difference in RBC AChE activities (3, .00] on weaning failure, P ϭ .86) between the 2 groups. Also, RBC AChE levels were Ͻ 1,000 U/L in 10 (18.2%) of the 55 subjects who experienced successful weaning. In contrast, 44.4% of subjects had RBC AChE levels Ͼ 3,000 U/L in the failed weaning group. This statistical analysis also indicates that the RBC AChE level at the time of weaning may be meaningless.
